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TECHNICAL FIELD 

This invention pertains to ink-jet printing, and in 
particular to modular-type manufacture of ink-jet 
printing pens, whereby a print head assembly is 
constructed as a unit and thereafter removably 
mounted to the pen body. 

BACKGROUND AND SUMMARY OF THE INVEN- 
TION 

Some ink-jet printers, such as manufactured by 
Hewlett-Packard Company under the designation 
DeskJet, include a cartridge or "pen" that is moun- 
ted to a carriage in the printer. The pen includes a 
body that defines a reservoir of ink, and a print 
head that is operated for ejecting minute ink drops 
onto paper that is advanced through the printer. 

Prior ink-jet pens have been constructed so 
that the print head is irremovably attached to the 
pen body, thereby preventing replacement of a 
print head without damage to the pen. 

Some ink-jet printer pens can be designed to 
include more than one print head. For example, a 
pen can be constructed to include a plurality of 
print heads that span across the entire width of a 
page that is advanced through the printer. 

In the event that such a muitiple-print-head pen 
were manufactured using conventional techniques, 
the entire pen would have to be assembled before 
the printing characteristics of the print heads could 
be tested. A failure of one of the print heads, 
therefore, would ruin the entire pen and lead to 
expensive waste or re-work for repairing the pen. 

The present invention is directed to a construc- 
tion whereby ink-jet printer pens have modular or 
unit print head assemblies that can be readily 
mounted to and removed from a pen body in the 
event that the assembly needs repair or replace- 
ment. Moreover, the print heads of an individual 
unit print head assembly may be fully tested be- 
fore that assembly is joined with several other parts 
in manufacturing a pen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of an ink-jet pen 
employing several unit print head assemblies made 
in accordance with the present invention. 

Fig. 2 is an enlarged, exploded view showing a 
unit print head assembly and part of the pen body 
to which the assembly is mounted. 

Fig. 3 is a perspective view showing the bot- 
tom of a unit print head assembly. 

Fig. 4 is a perspective view, partly cut away, 
showing an assembled ink-jet pen that incorporates 
unit print head assemblies. 



Fig. 5 is a bottom view similar to Fig. 3 but 
showing the assembly with part of the bottom plate 
cut away. 

Fig. 6 is a top plan view diagram illustrating an 
5 ink circulation path through the unit print head 
assembly of the present invention. 

Fig. 7 is an enlarged detail view, partly in 
section, showing a portion of a print head that is 
carried by the unit print head assembly. 
10 Fig. 8 is a detail view of an alternative mecha- 

nism for mounting a print head assembly to a pen. 

Fig. 9 is a diagram showing one system for 
delivering a circulating ink supply to the unit print 
head assemblies of the pen. 

15 

DETAILED DESCRIPTION OF A PREFERRED EM- 
BODIMENT 

Fig. 1 depicts a pen 20 for use with an ink-jet 

20 printer. The pen 20 includes a plurality of unit print 
head assemblies 22 (hereafter occasionally re- 
ferred to as "assemblies," for convenience) con- 
structed in accordance with the present invention. 
The pen 20 includes a substantially rigid body 24 

25 to which the assemblies 22 are removably mounted 
as explained more fully below. In one embodiment, 
for example, the assemblies 22 are mounted to the 
pen body by threaded fasteners 23 (Fig. 4). 

The pen body 24 can be mounted to a printer 

30 by any of a number of means in association with 
conventional mechanisms for advancing paper 28 
immediately adjacent to the assemblies 22 so that 
ink drops can be ejected onto the paper from print 
heads carried by the assemblies. The pen body 24 

35 includes a ribbon-type multiconductor 26 for con- 
veying control signals to the assemblies, as de- 
scribed more fully below. 

When the assemblies 22 are mounted to the 
pen body 24 they are placed in fluid communica- 

40 tion with a supply of ink. As shown in Fig. 1, the ink 
supply may be conducted to the pen body 24 from 
a remote source via an inlet conduit 32. The pen 
body 24 is constructed to define a manifold for 
conducting and distributing supply ink to each of 

45 the assemblies 22. In a preferred embodiment, 
supply ink that is not expelled by the print heads 
during printing is removed from the manifold arid 
circulated back to the supply via outlet conduit 34. 
With reference to Figs. 2-5, the particulars of a 

so unit print head assembly 22 and the pen body 24 
to which it is mountable will now be described. 

A print head assembly 22 includes a carrier 40 
made of molded plastic. Alternatively, ceramic, die- 
cast metal, or machined metal may be used. The 

55 carrier 40 carries print heads 50 (Fig. 4). In this 
regard, a number (for example, eight) of oblong 
recesses 46 are formed in a top, planar surface 48 
of the carrier 40. A print head 50 that generally 
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corresponds to the shape of a recess 46 fits within 
the recess and is mounted thereto, such as by 
bonding with adhesives. 

In a preferred embodiment, each carrier 40 
includes two rows of print heads 50, with one row 
of print heads offset relative to the other row of 
print heads so that, in the direction of paper move- 
ment (Fig. 1), there are no gaps between the 
nozzles 57 of the print heads in one row and the 
nozzles of print heads in the other row. This offset 
relationship defines a 90" notch at each end 41 of 
the carrier. 

The outer surface 52 of the print head 50 and 
the surface 48 of the carrier 40 are covered with a 
flexible circuit 54 that also wraps around the round- 
ed long edges 55 of the carrier. The circuit 54 also 
extends over part of the carrier bottom plate 85 
(Fig. 3), as described more fully below. 

The flexible circuit 54 may be staked to the 
carrier 40. Specifically, the circuit is applied to the 
exterior surface of the carrier under pressure and 
heat sufficient for causing plastic flow of the plastic 
carrier so that the underside of the flexible circuit 
54 is joined to the carrier. 

The part of the circuit 54 that covers the upper 
surface 52 of each print head 50 has defined 
through it two rows of minute nozzles 57. Each 
individual nozzle is in fluid communication with a 
firing chamber 98 in the print head (Fig. 7). Each 
firing chamber 98 has associated with it a thin-film 
resistor 94 that is selectively driven (heated) with 
sufficient current for instantaneously vaporizing 
some of the ink that enters the chamber, thereby 
forcing a drop of ink through the nozzle. 

In a preferred embodiment, the flexible circuit 
54 comprises a strip of polyimide, the underside of 
which (that is, the side of the strip that is staked to 
the carrier 40) has bonded to it a multitude of 
copper traces (not shown), each trace being joined 
at one end to an embossed, conductive contact 
pad 62 (Fig. 3). The contact pads are exposed on 
the exterior surface of the circuit 54 on the under- 
side of the print head assembly 22. The contact 
pads connect with corresponding contacts, mounted 
on the pen bodies as described more fully below. 

The other ends of the traces on the circuit 
terminate in free ends or beams that are welded to 
corresponding conductors carried on the print head 
50. In this regard, windows 64 are provided through 
the flexible circuit 54. The beams of the traces 
protrude into the windows and are exposed there 
for welding to the conductors on the print head. A 
method and associated apparatus for attaching a 
flexible circuit to a pen body and print head is 
described in U.S. Patent Application No. 
07/737,623, owned by the assignee of the present 
application and herein incorporated by reference. 



With particular reference to Fig. 4, each recess 
46 in the carrier 40 is constructed to be generally 
wider than the print head 50 received therein, ex- 
cept at the ends of the recess, where opposing 

5 alignment features 70 protrude inwardly toward the 
longitudinal center line of the recess. The distance 
between the pair of alignment features 70 at each 
end of the recess substantially matches the width 
of the print head 50. As a result, these features 

io secure the print head with its longitudinal center 
line matching that of the recess. 

The long side edges of the print head 50 are 
spaced from the corresponding long side edges of 
each recess 46. This spaced relationship, therefore, 

rs defines an elongated first ink passageway 72 ex- 
tending the substantial length of one side of the 
print head 50, and a corresponding second ink 
passageway 74, extending along the substantial 
length of the other side of the print head (Fig. 4). It 

20 will be appreciated that with the flexible circuit 54 
in place, the passageways 72, 74 are substantially 
enclosed along their length by the print head 50, 
carrier 40, and the underside of the circuit 54. 

At the end of each passageway 72, 74, there is 

25 formed through the carrier a via 84 (Figs. 4 and 5). 
The viae 84 conduct the flow of ink in the asso- 
ciated ink passageway 72 or 74 between that pas- 
sageway and a corresponding one of a series of 
ducts 91 that are defined by the underside of the 

30 carrier 40 and the bottom plate 85. In particular, the 
underside of the carrier 40 is formed to include 
downwardly protruding ribs 87, best shown in Fig. 
5. The lowermost edges of the ribs are in a com- 
mon plane so that the ribs evenly rest on the upper 

35 surface 86 (Fig. 4) of the bottom plate 85. The 
bottom plate 85 may be formed of any suitably 
rigid material, such as molded plastic. 

The downwardly protruding ribs 87 define in 
combination with the surface 86 of the bottom plate 

40 the ducts 91 that connect certain viae 84 and the 
recesses 46 so that ink flows through passageways 
72, 74 over a continuous path from print head to 
print head. The top view, simplified (print heads 
omitted) diagram of a carrier, Fig. 6, shows by 

45 arrows 93 the continuous path of ink through the 
ducts 91 , passageways 72, 74, and viae 84. 

The carrier 40 also has protruding from its 
underside a set of annular, spaced-apart bosses 47 
that protrude from the bottom plate 85. The bosses 

so 47 provide a mechanism for mounting the print 
head assembly to the pen body, as described 
more fully below. 

Two ports 83, 92 (Fig. 3) are formed in the 
bottom plate 85. One port 83 aligns with a rounded 

55 end 95 (Fig. 6) of a duct 91 in the carrier and, 
therefore, forms an inlet to permit ink to enter the 
series of connected ducts 91 , viae 84 and passage- 
ways 72, 74. The port 83 aligns with and seals in 
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fluid communication with a manifold aperture 81 
formed in the pen body 24 in communication with 
an inlet manifold 101 that is filled with ink via 
supply conduit 32 (Fig. 4). 

The inlet manifold 101 is defined by the pen 
body 24 as an elongated conduit or chamber ex- 
tending along the length of the pen body 24. An 
aperture 81 is formed in the pen body at the inlet 
port 83 of each assembly that is mounted to the 
pen body. Preferably, an elastomeric O-ring 89 is 
secured in a countersunk portion of each manifold 
aperture 81 to be compressed between the body 
and the carrier to provide a tight seal there- 
between. 

Similarly, outlet port 92 aligns with the rounded 
end 100 of the last in the series of ducts 91. The 
outlet port 92 seals in fluid communication with 
another aperture on the pen body (not shown) for 
directing ink that flows out of that port 92 into an 
outlet manifold 103. The outlet manifold 103 col- 
lects ink from each outlet port 92. Ink is removed 
from manifold 103 via conduit 34. 

Fig. 7 depicts in greatly enlarged detail the 
relationship between print head firing chambers 98 
and the first ink passageway 72. Specifically, the 
print head 50 may be constructed to include a 
substrate layer 97 that carries on it a number of 
thin-film resistors 94, one resistor underlying a cor- 
responding nozzle 57 in the flexible circuit 54. 
Each resistor 94 is electrically connected with a 
discrete conductive member (not shown) that is 
connected with a corresponding end of a copper 
trace carried by the flexible circuit as mentioned 
above. 

A thin, barrier layer 96 of polymeric material 
covers the substrate and is shaped by, for exam- 
ple, a photolithographic process to define the 
small-volume firing chambers 98 that surround 
each resistor 94. The outermost edges of the bar- 
rier 96 are shaped to define for each chamber 98 
an entry region 99 through which ink may flow into 
the firing chamber. A portion of the ink is vaporized 
by the resistor, the resuttant fluid expansion in the 
chamber ejecting a drop of ink through the cor- 
responding nozzle 57 onto passing paper 28. 

As can be seen upon review of Fig. 7, the first 
ink passageway 72 is oriented to be in fluid com- 
munication with the print head so that ink is con- 
tinuously flowing immediately adjacent the entry 
regions 99 of each firing chamber. 

The print head construction is generally sym- 
metrical about the longitudinal center line of the 
print head 50. Accordingly, it will be appreciated 
that the relationship of a second ink passageway 
74 and the print head firing chambers on the op- 
posing side of the print head provide the same ink 
flow across the firing chambers 98 as that of the 
first ink passageway 72. 



Although the print head and ink circulation sys- 
tem just described may be a preferred embodi- 
ment, it is contemplated that print heads having 
firing chamber entrances fed from a channel in the 
5 center, underside of the print head may also be 
used with a carrier of the present invention. The ink 
passageways of the carrier would be shaped to 
flow to central channels. Moreover, the print heads 
used with the present invention need not be sup- 

io plied with circulating ink. 

Turning now to the particulars of the pen body 
portion to which the assemblies 22 are mounted, 
with reference to Figs. 2 and 4, the pen body 
includes a mounting location that comprises a re- 

75 cessed, planar surface 102 defined between op- 
posing, upwardly protruding lips 104, 106 that ex- 
tend along the length of the pen body. Each short 
edge of the pen body includes a generally L- 
shaped end piece 1 08 that is shaped to conform to 

20 the notched end of the print head assembly 22, as 
best shown in Fig. 4. 

The above-mentioned ribbon-type multiconduc- 
tor 26 is attached to the surface 102 and includes 
clearance holes formed therethrough so as not to 

25 block the assembly bosses 94 or inlet and outlet 
ports 83, 92. At locations underlying the embossed 
contact members 62 on the print head assembly 
underside (see Fig. 3), the multiconductor 26 car- 
ries embossed contacts 110 at the termini of the 

30 conductors formed in the multiconductor 26. 

Whenever the print head assembly is mounted 
to the pen body, therefore, the embossed contacts 
62 on the assembly 22 press against, and, hence, 
electrically connect with the aligned embossed 

35 contacts 110 on the multiconductor 26. As a result, 
there is defined a continuous conductive path for 
conducting electronic control signals between the 
contacts 110 and the circuit member conductors, 
the control signals being provided by the printer 

40 controller for firing the resistors 94 as mentioned 
above. 

As mentioned above, threaded fasteners 23 
may be employed for removably mounting a print 
head assembly 22 to a pen body 24. In this regard, 

45 the pen body may be formed to include a sleeve 
112 (Fig. 4) through which a threaded fastener may 
extend. The threaded end of the fastener 23 ex- 
tends into the sleeve to engage an internally 
threaded boss 47 of an assembly, which boss fits 

so through a clearance hole in the multiconductor 26 
and protrudes into the bore of the sleeve 112. The 
fastener 23 is sized so that when threaded tightly 
into the boss 47 the assembly is held firmly against 
the pen body. It will be appreciated that although 

55 only one fastener is shown in Fig. 4 there is pro- 
vided a fastener and sleeve for each of the four 
threaded bosses 47 of each assembly 22. 
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Numerous alternative mechanisms may be em- 
ployed for mounting a print head assembly to a 
pen body. For example, as shown in Fig. 8, a print 
head assembly 22 may be snap-fit into a pen body 
224 that has protruding lips 204, 206 shaped to 
generally conform to the rounded long edges 55 of 
the carrier. Accordingly, the assembly 22 is 
pressed between the lips, which yield slightly to 
permit the widest portion of the assembly to pass 
between the narrowest portion of the lips. The pen 
body lips thereafter resile to firmly hold the assem- 
bly in place against the pen body 224. 

Notches 220 are formed in spaced-apart loca- 
tions along the length of one of the lips 204 to 
permit a thin flat lever to fit through the notch and 
part way under the assembly, thereby to pry the 
assembly 22 from the pen body 224. 

It will be appreciated by one of ordinary skill in 
the art that a testing device conforming to a pen 
body (24 or 224) for holding a single print head 
assembly 22 can be constructed for testing individ- 
ual assemblies 22 before they are joined with sev- 
eral other assemblies to make a complete pen. 

Any of a number of systems may be employed 
for supplying circulating ink to a print head assem- 
bly via conduits 32, 34. One preferred supply sys- 
tem is shown in Fig. 9. In this embodiment, the pen 
body 24 includes internal partitions 205 that define 
a discrete inlet and outlet manifold pair underlying 
each assembly 22. In this regard, the embodiment 
of Fig. 9 is different from the embodiment de- 
scribed above in that the earlier-described embodi- 
ment includes a single manifold pair 201, 203 that 
extends across a substantial length of the pen 
body across all of the print head assemblies 22. 

As shown in Fig. 9, each inlet manifold 201 
receives ink from a connected supply conduit 232. 
An outlet manifold discharges ink through an outlet 
conduit 234. Ink is supplied to each supply conduit 
232 from a supply 210 that comprises any con- 
tainer suitable for storing a supply of ink. The outlet 
conduits 234 are tied to a return line 238 to which 
is connected a diaphragm pump 240 that provides 
a pressure gradient for generating the ink flow 
through the system in a circulating manner as 
depicted. 

In a preferred embodiment, the fluid pressure 
within the system is maintained slightly below am- 
bient so that ink will not leak from the print head 
nozzles 57 when the firing chambers are inactive. It 
is desirable, however, to regulate the pressure with- 
in the system so that the partial vacuum or back 
pressure established in the system does not be- 
come so high as to prevent the drop ejection 
forces generated in the firing chambers from over- 
coming the back pressure. To this end, a vacuum 
regulator 212 is connected to the return line 238 (or 
to any other location in the system) to permit the 



limited entry of ambient air into the system in the 
event that pressure within the system drops below 
a predetermined threshold level. Preferably, the 
vacuum regulator 212 is adjustable for changing 

5 the threshold level as necessary. 

Interconnected between the supply container 
210 and each inlet conduit 232 is a normally closed 
valve 207. The valves may be any suitable elec- 
tronically controlled valves that are normally closed 

io when the printer is not operating. The closed 
valves, therefore, tend to maintain the partial vacu- 
um or back pressure within the associated print 
head assembly 22 even if the pen 20 is tipped out 
of its normal position, which tipping would impart a 

75 pressure head in the assembly tending to cause 
the lower nozzles to leak and the upper nozzles to 
become de-primed. In a preferred embodiment, the 
length of a print head assembly from one end 41 to 
another (that is, the length of a continuous pas- 

20 sageway filled with ink) is less than the back pres- 
sure (measured in inches of water column) to be 
maintained in the print head assembly so that in 
instances where one end of the pen is tipped 
directly above the other end of the pen, the resul- 

25 tant pressure head in an individual assembly will 
not exceed the back pressure maintained within the 
assembly by the closed valve. 

It is contemplated that the above-described 
manifolds are not required and that inlet conduits 

30 32, 232 can be directly connected to the inlet ports 
83 of each assembly 22, and the outlet conduits 
34, 234 may be similarly connected directly to 
outlet ports 92 of the assemblies. 

Although the foregoing invention has been de- 

35 scribed in connection with preferred and alternative 
embodiments, it will be appreciated by one of 
ordinary skill that various modifications and vari- 
ations may be substituted for the mechanisms and 
method described here without departing from the 

40 invention as defined by the appended claims and 
their equivalents. 

For example, a preferred embodiment de- 
scribed above is illustrated in Fig. 2 with four 
carriers, each carrier being sized to carry eight 

45 print heads. It is contemplated, however, that the 
carrier and pen body configuration is readily adapt- 
able to more or fewer carriers that carry one or any 
number of print heads. 

50 Claims 

1. A pen for an ink-jet printer, comprising: 

a print head assembly (22), including: 
a carrier (40); 

55 at least one print head (50) mounted to the 

carrier, the print head having a plurality of 
chambers (98) defined therein for receiving ink, 
the print head also having firing means asso- 
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ciated with each chamber and responsive to 
control signals for expelling ink drops from the 
chambers; 

the carrier defining a passageway (72, 74) 
in fluid communication with the chambers, the 
passageway including an inlet port (83) 
through which ink may flow into the passage- 
way to the chambers; 

a circuit member (54) attached to the car- 
rier and having conductors (62) for conducting 
the control signals to the firing means; 

a pen body (24) including: 

electrical contacts (110) mounted to the 
pen body; 

a conduit (32) defined by the pen body for 
conducting ink from a supply through the con- 
duit; and 

mounting means for removably mounting 
the print head assembly to the pen body so 
that the circuit member conductors and the 
contacts (110) join to provide continuous paths 
for conducting control signals between the 
contacts and the circuit member conductors, 
and so that the conduit (32) and inlet port are 
joined in fluid communication. 

2. The pen of claim 1 comprising more than one 
print head assembly (22) as defined in claim 1, 
and wherein the mounting means is for remov- 
ably mounting all the print head assemblies to 
the pen body (24) so that the circuit member 
conductors (62) and the contacts (110) join to 
provide continuous paths for conducting con- 
trol signals between the contacts and the cir- 
cuit member conductors, and so that the con- 
duit (32) and inlet ports (83) are joined in fluid 
communication. 

3. The pen of claim 1 wherein the mounting 
means forces together the circuit member con- 
ductors (62) and the pen body contacts (110) 
so that the junction therebetween is made by a 
pressure connection. 

4. The pen of claim 4 wherein the junction be- 
tween the circuit member conductors (62) and 
the pen body contacts (110) is made solely by 
a pressure connection. 

5. The pen of claim 1 wherein the carrier (40) 
includes an outlet port (92) through which ink 
that flows into the passageway (72, 74) and 
that is not expelled by the print head (50) flows 
out of the passageway. 

6. The pen of claim 1 further comprising a seal 
member (89) attached between the carrier (40) 
and pen body (24) for sealing the junction of 



the conduit (32) and inlet port (83). 

7. The pen of claim 1 further comprising: 

a mounting portion defined by the pen 
5 body (24) and to which may be mounted a 

plurality of carriers (40); 

ink delivery means for supplying ink from 
a supply to all carriers that are mounted to the 
pen body, the ink delivery means including 
w conduits (232, 234) connected between the 

supply and each carrier; and 

a valve (207) connected to each conduit, 
each valve being operable for opening and 
closing the conduit. 

75 

8. A method of making a pen for an ink-jet print- 
er, comprising the steps of: 

providing a carrier (40) having at least one 
print head (50) mounted thereto wherein the 

20 print head has a plurality of chambers (98) 

defined therein for receiving ink, the print head 
also having firing means associated with each 
chamber and responsive to control signals for 
expelling ink drops from the chambers; 

25 defining in the carrier a passageway (72, 

74) to be in fluid communication with the 
chambers, the passageway including an inlet 
port (83) through which ink may flow into the 
passageway to the chambers; 

30 attaching a circuit member (54) to the car- 

rier, the circuit member having conductors (62) 
for conducting the control signals to the firing 
means, the conductors terminating in contact 
members; 

35 providing a pen body that has exposed 

electrical contacts (1 10) mounted thereto and a 
conduit defined by the pen body for conduct- 
ing ink from a supply through the conduit; and 
removably mounting the print head assem- 

40 bly to the pen body so that the circuit member 

conductors and the contacts (110) join to pro- 
vide continuous paths for conducting control 
signals between the contacts (110) and the 
circuit member conductors, and so that the 

45 conduit and inlet port are joined in fluid com- 

munication. 

9. The method of claim 8 wherein the attaching 
step includes attaching the circuit (54) so that 

so the contact members are exposed for pressure 

connection with the contacts (110) on the pen 
body (24). 

10. The method of claim 8 including the step of 
55 providing a seal member (89) for sealing the 

junction of the conduit and inlet port (83). 
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